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57 ABSTRACT

Moist vegetables (2) undergo at least one pressing oper-
ation (3) and are introduced into a drier (9) of which the
heater elements are fed with vapor recompressed by a
compressor unit (20). The juice (4) from the last press-
Ing operation acts as the cold fluid in an evaporator (5)
of which the tube stack is fed by the mixture of air and
vapor (10) issuing from the moist vegetables being
dried. The vapor (6) produced by the evaporator (5)
feeds the compressor unit (20). The concentrated juice
(7) 1s used to re-steep the moist vegetables (2) before
they enter the pressing zone (3).

8 Claims, 7 Drawing Figures
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DEHYDRATION PROCESS FOR MOIST
VEGETABLES

The present mmvention concerns a dehydration pro-
cess for moist vegetables, in particular alfalfa or beet
pulp.

Applicant in its French patent application No. 81
14670 filed on July 28, 1981 described a drying process
which 1s particularly advantageous with respect to sav-
Ing energy; moist vegetables are introduced in a vertical
drier provided with staggered plates and heated by
vapor which is recompressed by a compressor unit.

The recompressed vapor arrives in particular from an
evaporator of which the tube stack is fed by the mixture
of air and vapor issuing from the moist material, this
- mixture being made to saturate through an exchange
with a cold fluid.

This saturated air-vapor mixture is injected at the
bottom of the drier and takes part in drying the moist
material; it acts as a vehicle for the calories, by passing

from a saturated state into a state where it is capable of

storing calories. |

Moreover, 1t 1s known to dehydrate moist vegetables
by adding a large amount of dry matter in the form of a
highly concentrated solution, whereby the final propor-
tion of dry matter of the mixture is correspondingly
1ncreased.

For instance, French Pat. No. 2,401,223 describes a
beet-pulp fabrication process where the beets are
treated with molasses, which consists in incorporating a
Jarge amount of molasses in the form of a solution with
dry-matter content exceeding 80% (80 Brix) into the
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pressed pulp, and then in pressing the mixture so ob-

tained. .

U.S. Pat. No. 3,551,163 describes a recovery process
for citrus pulp obtained after pressing the fruit in order
- to be used as feed. This process includes two consecu-
tive pressing operations and, before the second one,
re-steeping the moist matter with the juices from the
first and second pressing operations. The juice is con-
centrated to more than 70 Brix prior to the re-steeping.
In this case, too, a substantial addition of dry matter is
involved.

The incorporation of a solution with a very high
drymatter content does not aliow adequately homoge-
nizing the mixture, and hence the subsequent pressing
operation 1s less efficient. This appears to be due to
certain essential elements reinforcing the pectic chains,
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for instance calcium and aluminum being incapable of 50

penetrating the cell spaces of the pulp when the solu-

tions with additives are too concentrated.

A first object of the present invention is to permit
“mmproved vegetable dehydration during the pressing
operation.

The invention consists in applying one or several
- consecutive pressing operations to these moist vegeta-
bles and is characterized by the juice from the last press-
ing operation and concentrated within an evaporator to
a concentration exceeding 1% but less than 60% by
weight of dry matter being used in steady-state opera-
tion to re-steep the moist vegetables prior to this last
pressing operation. The concentration of the pressing
juice is assured by the vapor or hot-gas production.

The process of the invention is particularly well
suited to:

(1) Drying the pulp of beets which were subjected to
a double pressing operation with concentration of the
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Juice of the second pressing operation and recycling of
this juice prior to the second pressing operation. Prefer-
ably the concentrated press juice is of a concentration
less than 40% and advantageously less than 20%, and
better yet between 4 and 15%.

(2) Drying alfalfa subjected to a single pressing oper-
ation with prior concentration of the press juice which
1s recycled. Preferably, the concentrated press juice is
of a concentration less than 55% but higher than 20%.

After the last pressing operations, the moist vegeta-
bles can then be introduced into a vertical drier of
which the heater elements are fed by vapor recom-
pressed by a compressor unit. Preferably this compres-
sor unit 1s fed with vapor from the evaporator of which
the cold fluid is juice from the last pressing operation
and of which the tube stack is fed with the mixture of air
and vapor from the moist vegetables while they are
being dried. This procedure is particularly economical
and, furthermore, uses only electrical energy, not ther-
mal energy as do the methods described in the above-
analyzed patents.

It 15 also possible to preheat the juice before it enters
the evaporator by passing it through an exchanger fed
with water of condensation from the evaporator.

As regards alfalfa, the pressing juice is flocculated
and centrifuged before being concentrated in the evapo-
rator so as to obtain a serum and a flocculate mainly
consisting of proteins. Under these conditions the com-
pressor unit advantageously is fed with vapor generated
by the evaporator of which the cold fluid consists of the
serum separated from the press juice and of which the

tube stack is fed by the airvapor mixture issuing from
the moist alfalfa while it is being dried.

The invention will be better understood in relation to
the illustrative embodiments and the attached drawings:

FIG. 11s the block diagram of a double pressing plant
for beet pulp, wherein the juice from the second press-
ing operation is concentrated.

FIG. 2 1s the block diagram for dehydrating beet pulp
with double pressing and concentrating the second
press juice a content of 6% dry matter.

FIG. 3 is a block diagram for drying beet pulp using
a drier fed with recompressed vapor, the pulp having
been subjected to a second pressing operation resulting
in a juice with 7.5% dry matter.

FIG. 4 1s the alfalfa dehydration schematic with a
pressing and concentrating operation for the press juice.

FIG. 35 1s the alfalfa drying schematic for a drier fed
with the recompressed vapor, the press juice being
concentrated.

FIG. 6 1s the alfalfa dehydration schematic with a
serum concentration stage following protein floccula-
tion and centrifuging.

FIG. 7 1s the alfalfa drying schematic wherein use is
made of a drier fed by the recompressed vapor, and
comprising a serum concentration stage following pro-
tein flocculation and centrifuging.

EXAMPLE 1

FIG. 1: Pulp of beets (2) from a pressing plant (1) and
containing 900 kg of dry matter and 3000 kg of water,
whern in steady-state, is at a temperature of 60° C. Fol-
lowing a second pressing operation (3), the amounts
below are recovered:

a juice (4) consisting of 70.4 kg of dry matter and 2276
kg of water,

pulp (8) which is partly dehydrated and containing
900 kg of dry matter and 1827 kg of water.
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The juice (4) is moved toward an evaporator (5)
generating 1173 kg of vapor at 60° C. The concentrated
juice (7) containing 70.4 kg of dry matter and 1103 kg of
water is recycled at the input of the second pressing

stage (3).
EXAMPLE 2

FIG. 2: Pulp (8) partly dehydrated as in Example 1 is

introduced in steady-state into a vertical drier (9).

The juice (4) from the second pressing operation and
at a temperature of —° C. is moved toward an evapora-

tor (5) of which it represents the cold fluid.

The tube stack of evaporator (5) is fed with a mixture
(10) of air and vapor at 95° C. containing 2208 kg of air
and 2340 kg of vapor.

A mixture (11) of air and vapor at 70° C. and contain-
ing 2208 kg of air and 613 kg of vapor is obtained at the
output of the evaporator tube stack and is reinjected at
the bottom of the drier (9).

The 1842 kg of the 75° C. return waters (13) from the
drier and the 1727 kg of 75° C. condensation waters (12)
of the mixture (10) of air and vapor are moved toward
a self-evaporation still (14).

563 kg of water (15) at 60° C. from the still (14) and
in wholly evaporated form are moved into the evapora-
tor. 1736 kg of vapor (6) at 60° C. are recovered at the
output of the evaporator (5).

The still (14) provides 78 kg of vapor (16) at 60° C. of
which 68 kg are moved toward a condenser (17) and 10

N kg toward the compressor unit (20).

In this manner the compressor unit (20) receives 1746
kg of vapor (19) at 60° C. and 262 kg of de-superheated
water (18) from the still (14). The compressor unit (20)
provides 2008 kg of vapor (21) at 110° C.

The system losses (22) are 166 kg of vapor. The still
(14) provides 2666 kg of water (24) at 60" C.

1000 kg of beet pulp (23) containing 900 kg of dry
matter and 100 kg of water are collected at the drier
output.

In this manner 2900 kg of water from the moist pulp
issuing from the first pressing stage (1) were eliminated.

The power required to recompress the 1746 kg of
vapor (16) is 255 kwh. Accordingly, the energy loss is
only 0.088 kwh per kg of eliminated water. To arrive at
the overall energy cost, the energy required o carry
out the second pressing operation (2) and which 1s 0.010
kwh per kg of eliminated water must be taken into
account.

The bottom line, therefore, is a cost of 0.098 kwh per
kg of eliminated water, corresponding to 2435 kcal per
kg of eliminated water on the basis of 2.5 thermal units
per kwh (condensation station).

This figure must be compared with the expenditure of
600-750 kcal per kg of eliminated water that is incurred
in a conventional drier.

EXAMPLE 3

FIG. 3: Partly dehydrated pulp (8) is introduced m
steady-state into the vertical drier (9). In a variation

from Example 2, more water was eliminated from the 60

moist pulp and in lieu of recovering a juice containing
70.4 kg of dry matter and 2276 kg of water, this time a

juice (4a) containing 74 kg of dry matter and 2204 kg of

water 1s obtained.
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The preheated juice (4b) is at a temperature of 65° C.;
it is introduced as the cold fluid in the evaporator (3).
At the output of the evaporator (5), the concentrated
juice (7) contains 74 kg of dry matter and 913 kg of
water.

The tube stack of the evaporator (5) is fed with a
mixture (10) of air and vapor at 95° C. containing 2057
kg of air and 2181 kg of water. A mixture of air and
vapor (11) at 70° C. is obtained at the output of the

evaporator tube stack, containing 2057 kg of air and 572
kg of vapor, and is reinjected at the bottom of the dner

9).

The 1718 kg of return waters (13) from the drier (9) at
a temperature of 75° C. are moved into the self-evapora-
tion still (14).

369 kg of water (15) at 60° C. from the stili (14) and
totally evaporated are moved toward the evaporator
(5). At the output of the evaporator (5), 1660 kg of
vapor at 60° C. are recovered, of which 31 kg are
moved toward the condenser (17).

The condenser (17) receives 76 kg of vapor at 60° C,,
part of which is from the vapor (6) produced by the
evaporator (5) and part of which is from the still (14)
providing 45 kg of vapor at 60° C. and moved as 2
whole toward the condenser (17).

The compressor unit (20) receives 1629 kg of vapor
(19) at 60° C. and 244 kg of de-superheated water (18)
from the still (14). The compressor unit (20) delivers
1873 kg of vapor (21) at 110" C.

The system losses (22) are 155 kg of vapor. The still
(14) delivers 1060 kg of water (24) at 60" C.

1000 kg of beet pulp (23) containing 900 kg of dry
matter and 100 kg of water are recovered at the drier
output. |

In this manner 2900 kg of water was removed from
the moist pulp (2) issuing from the first pressing stage
(1).

The power required to recompress the 1629 kg of
vapor is 238 kwh. Therefore, the expenditure in energy
is only 0.082 kwh per kg of eliminated water. As in
Example 2, ,the bottom line takes into account the en-
ergy required by the second pressing operation, and
turns out to be 0.092 kwh per kg of eliminated water,
i.e., 230 kcal per kg of eliminated water (with a coeffici-
ent of 2.3).

EXAMPLE 4

FIG. 4: Moist alfalfa (2) containing 2000 kg of dry
matter and 8000 kg of water is moved in the steady-state
toward a press (3).

The press juice (4) containing 350 kg of dry matter
and 4220 kg of water is moved into an evaporator (5)
which produces 3850 kg of vapor (6) and returns a
concentrated juice (7) containing 350 kg of dry matter
and 350 kg of water. The concentrated juice (7) is rein-
jected into the press (3). After pressing, the pressed
alfalfa (8) containing 2000 kg of dry matter and 4150 of
water is introduced into a drier (9).

3925 kg of vapor (20) and dried alfalfa (23) containing
2000 kg of dry matter and 225 kg of water are obtained.

EXAMPLE 5
FIG. 5: Pressed alfalfa (8) is introduced in steady-

The juice (4a) is preheated in an exchanger (26) fed 65 state as in the previous example into the drier (9).

by 1609 kg of water at 75° C. from the waters of con-
densation (12) of the evaporator ().
1609 kg of water at 54.25° C. is eliminated at (29).

The press juice (4¢) at a temperature of 25° C. then 1s
preheated in an exchanger (26) to a temperature of 55°
C.
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The exchanger (26) is fed with 7346 kg of water (12b)
at 60° C. from the still (14). The water cooled to 42.4° C.
is discharged at (25).

The preheated juice (4b) is introduced as the cold
fluid into the drier (5) of which the tube stack is fed with
the mixture (10) of air and vapor at 95° C. containing
5019 kg of air and 5320 kg of water, and then is rein-
- jected into the press (3).

A mixture (11) of air and vapor at 70° C. 1s obtained
at the output of the evaporator (5), containing 5019 kg
of air and 1395 kg of vapor, and is reinjected at the
bottom of the drier (9).

The 4366 kg of return water (13) from the drier (9)

and at a temperature of 75° C. and also the 3925 kg of
condensation water (12q) at 75° C. from the evaporator
(5) are moved into a self-evaporation still (14).
110 kg of water (15) at 60° C. from the still (14) are
- moved toward the evaporator (5) where they are totally
evaporated. At the output of the evaporator (5), 3960 kg
of vapor (6) at 60° C. are recovered.

The still (14) provides 221 kg of vapor at 60" C. of
which 80 kg are moved toward the condenser (17) and
41 kg toward the compressor unit (20).

4101 kg of vapor (19) at 60° C. and 614 kg of de-
superheated water (18) from the still (14) are moved to
the compressor unit (20). The compressor unit (20)
provides 4715 kg of vapor (21) at 110° C.

The system losses (22) are 349 kg of vapor.
2225 kg of dried alfalfa containing 225 kg of water

and 2000 kg of dry matter are collected at the output of
the drier (9).

Be it noted that all the water feeding the still (14) is
recycled.

The power required to recompress the 4101 kg of
vapor is 599 kwh for 10000 kg of alfalfa with 20% dry
matter. The power required for the second pressing
operation is 70 kwh. The total energy expenditure
therefore is 669 kwh for 7775 kg of eliminated water,
that is 0.086 kwh per kg of eliminated water, again 215
kcal per kg of eliminated water. This figure must be
compared with 600-750 kcal per kg of eliminated water
expended by a conventional drier.

EXAMPLE 6

FIG. 6: Moist alfalfa (2) with a dry-matter content of
20% is introduced in steady-state into a press (3).

The press juice (4) contains 350 kg of dry matter and
4200 kg of water, and is subjected prior to evaporation
to a flocculation stage (26) followed by a centrifuging
stage (27); a serum (4e) containing 190 kg of dry matter
and 4040 kg of water, and a protein flocculate (4¢) con-

taining 160 kg of dry matter and 160 kg of water are
recovered.

The serum (4a) is moved toward an evaporator (5)
which provides 3850 kg of vapor (6). The concentrated
serum {4d) containing 190 kg of dry matter and 190 kg
of water is reinjected into the press (3). After pressing,
the drier (9) receives the alfalfa (8) containing 1840 kg
- of dry matter and 3990 kg of water. 3780 kg of vapor

(10) and of dried alfalfa (23) containing 1840 kg of dry 60

matter and 210 kg of water are collected.

EXAMPLE 7

FIG. 7: As in Example 5 and in steady-state, pressed
alfalfa (8) containing 1840 kg of dry matter and 3990 kg
of water is introduced into the drier (9).

The press juice is separated according to the descrip-
tion of Example 6 into a serum (4a) containing 190 kg of

]
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dry matter and 4040 kg of water and a flocculate (4c)
containing 160 kg of dry matter and 160 kg of water.

The serum (4q) initially at a temperature of 25° C. 1s
preheated to 55° C. in an exchanger (26).

The exchanger (26) is fed with 7152 kg of water (125)
at 60° C. from the still (14). The water cooled to 43.1° C.
is discharged at (25).

The preheated serum (4b) is introduced as the cold

fluid into the evaporator (5) of which the tube stack is

fed with the mixture (10) of air and vapor at 95° C.
containing 4834 kg of air and 5124 kg of vapor, then the
concentrated serum (7) containing 190 kg of dry matter
and 190 kg of water is reinjected into the press (3). A

mixture (11) of air and vapor is obtained at the output of
the evaporator (5), containing 4834 kg of air and 1344

- kg of vapor at 70° C., and is injected at the bottom of the
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drier (9).
The 4213 kg of return water (13) from the drier (9) at

a temperature of 75° C. and also 3780 kg of condensa-

tion water (124) at 75° C. from the evaporator (5) are
moved into the self-evaporation still (14).

36 kg of water (15) at 60° C. from the still (14) and 1n
totally evaporated form are moved toward the evapora-
tor (5). At the output of the evaporator (5), 3886 kg of
vapor (6) at 60° C. are collected.

The still (14) provides 213 kg of 60° C. vapor of
which 141 kg are moved toward the condenser (17) and
72 kg are moved toward the compressor unit (20).

In this manner the compressor unit (20) receives 3958
kg of vapor (19) and 592 kg of de-superheated water
(18) from the still (14). The compressor unit (20) pro-
vides 4550 kg of 110° C. vapor (21).

The system losses (22) are 337 kg of vapor.

Tt will be noted as well that all waters fed to the still
(14) are recycled.

The power required to recompress 3958 kg of vapor
is 578 kwh. The power required for the second pressing
stage being 70 kwh, the total energy expenditure 1s 648
kwh for an amount of 7630 kg of eliminated water,
namely 0.0849 kwh per kg of eliminated water or 212
kcal per kg of eliminated water. |

It follows from the above that the dehydration pro-
cess of moist vegetables of the invention permits achiev-
ing a very substantial increase in the dry-matter propor-
tion and that provided the press juice of said vegetables
is concentrated by an evaporator wherein it acts as the
cold fluid, large savings in energy are obtained when
the evaporator is integrated into a drier operating by
vVapor recompression.

I claim:

1. A continuous dehydration process for moist vege-
tables comprising (a) subjecting moist vegetables to a
pressing operation; (b) concentrating the juice obtained
in said pressing operation in an evaporator to a concen-
tration of less than about 60% by weight of dry matter;
(c) steeping moist vegetables prior to the pressing oper-
ation of (a) above with the concentrated juice obtained
in (b) above; (d) introducing the vegetables subjected to
the pressing operation into a drier; (e) feeding heater
elements of the drier with vapor, said vapors being
produced by the evaporation of juice in step (b) above;
and (f) heating the evaporator used in (b) above with a
mixture of air and vapor issuing from the drier.

2. The process according to claim 1 wherein the
vegetables are subjected to more than one pressing
operation and the juice from the last pressing operation
is preheated by being passed through a heat-exchanger
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fed with the water of condensation of the evaporator
before entering said evaporator.

3. The process according to claim 1 wherein the
moist vegetables are beets and the process includes two
consecutive pressing operations.

4. The process according to claim 1 wherein the
moist vegetable 1s alfalfa and the process includes only
a single pressing operation. .

5. The process according to claim 2 wherein the juice
from the last pressing operation 1s flocculated and cen-
trifuged so as to obtain a serum and a flocculate mainly
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consisting of proteins before being concentrated in the
evaporator.

6. The process according to claim 3 wherein the
concentration of said juice is less than 20%.

7. The process according to claim 6 wherein the
concentration of the juices is between about 4% and
15%.

8. The process according to claim 4 wherein the
concentration of said juice is less than about 55% but
higher than about 20%.

5

N x %X %
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